Objective: Behavioral treatment of children suffering from hypothalamic obesity or uncomplicated obesity in combination with syndromes that aggravate this condition has proven to be ineffective. The combination of comorbidities and severe obesity lower the quality of these children's lives drastically. The present goal was to determine whether treatment with sibutramine has a beneficial effect on such children.
O BESITY AMONG CHILDREN is of increasing concern
to public health officials in many countries. The pronounced prevalence of obesity at a young age (1) , in combination with increasing awareness of the associated risk for morbidity later in life (2) , has motivated both medical societies and health authorities to devote more effort to the development of effective strategies for prevention and treatment of this disorder.
However, in certain subgroups of children, obesity is definitely not primarily the result of a sedentary lifestyle or inappropriate diet. For example, a dominant feature of the Prader Willi (PWS) and Laurence Moon Bardet Biedle (LMBB) syndromes is severe obesity (3) . Individuals afflicted by these syndromes appear to have hypothalamic disturbances that result in an abnormally large appetite (4) . Furthermore, children who suffer hypothalamic damage as a consequence of tumors, irradiation, or surgery involving the central nervous system (CNS) may also develop extremely severe obesity. One typical example of this phenomenon is children who have been operated on for craniopharyngiomas, 30 -50% of whom develop a pattern of compulsory eating and severe obesity after surgery (5-7). Specific, genetically defined syndromes associated with the development of obesity have also been identified (8) . The term hypothalamic obesity has been coined to describe these types of conditions (9) . In addition, children with attention deficiency syndromes [attention deficiency hyperactivity disorder (ADHD)], autism, or mental retardation who also become obese may have difficulties in complying with antiobesity programs that focus on behavioral changes. These various groups of children are almost invariably resistant to the types of antiobesity treatment offered children today. Not infrequently, their severe obesity is combined with other physical and/or mental problems and thus their quality of life very poor (10, 11) . Despite that, these children are often ignored in reviews on treatment of obesity (12, 13) .
Development of effective pharmacological treatment of subjects with these conditions is highly urgent. However, because such patients constitute a small group that is difficult to treat, virtually no reports have studied the effects of pharmacological treatment of either children or adults with hypothalamic obesity or obesity in combination with other syndromes. The findings from studies on individuals with uncomplicated or simple obesity cannot be extrapolated to these other groups of patients because hypothalamic damage and poor self-control may diminish or abolish the efficacy of the drug.
Sibutramine is an unspecific inhibitor of the presynaptic reuptake of neurotransmitters that is somewhat selective for serotonin and norepinephrine (14) . Under the names of Re-ductil or Meridia, this drug has been approved for the treatment of obesity in adults in most countries. A number of investigations with treatment periods of 6 -12 months have revealed beneficial effects of sibutramine in combination with behavioral changes on adolescents with uncomplicated obesity (15) (16) (17) (18) (19) , whereas one short-term study did not observe any difference, compared with placebo (20) . The aim of the present study was to determine whether children suffering from hypothalamic obesity or simple obesity together with syndromes that aggravate this condition can benefit from treatment with sibutramine.
Subjects and Methods Subjects
Fifty children and adolescents suffering from defined syndromes were recruited, and their characteristics are documented in Table 1 . The criteria for inclusion were obesity defined as a body mass index (BMI) sd score (SDS) greater than 3, as calculated according to Rolland-Cachera et al. (21) ; an age of 5-20 yr; and, in addition, a diagnosis of having a defined syndrome for which obesity is a definitive criterion or a disease that makes behavioral treatment impossible or damage to the CNS that causes obesity (Table 1) . A subgroup (n ϭ 21) consisted of subjects with mental retardation and/or ADHD and/or autism spectrum disorder (ASD). Among them, three had mental retardation as their primary diagnosis, 15 ADHD, and three ASD. Thirteen attended special schools/ classes for mentally handicapped children
The criteria for exclusion were the use of high doses of psychoactive drugs that might render treatment with sibutramine hazardous or the presence of severe psychological and/or medical problems that would create difficulties for the patient to comply with the study protocol.
Many of the subjects included were being treated for their specific diseases, e.g. glucocorticoids or hormonal replacement for panhypopituitarism. Five subjects were using selective serotonin reuptake inhibitor (SSRI) drugs concomitantly. Alterations in the nature or doses of drugs administered were avoided during the study period.
Study design
This study was conducted in two phases (Fig. 1) . The initial phase consisted of a double-blind, placebo-controlled, cross-over study, in which the primary variable monitored was the BMI z-score (BMI SDS) (21) . Interpretation of long-term changes in BMI or weight in growing subjects is difficult and was therefore avoided (22) . The other variables examined in this first phase were fasting levels of blood glucose and insulin, nonfasting serum levels of cholesterol and triglycerides, and body composition as determined by dual-energy x-ray absorptiometry (Lunar Corp., Madison, WI).
In this first phase, the patients within each subgroup were divided randomly into pairs consecutively when they entered the study. APL (Stockholm, Sweden) performed this randomization using coded envelopes as well as the labeling and packaging of sibutramine in capsules that could not be identified by the patients or the medical staff. One patient in each pair was initially treated daily with 10 mg sibutramine and the other with placebo. If a weight reduction of at least 4 kg was not obtained within 8 wk, the daily dose of sibutramine or placebo was increased to 15 mg. After 20 wk the patients receiving sibutramine were placed on the placebo for an additional 20 wk, and vice versa, with no washout period in between.
In an attempt to determine whether children with hypothalamic obesity are resistant to sibutramine treatment, the subjects were also divided into two groups on the basis of whether their obesity was hypothalamic or nonhypothalamic. The former group included children suffering from CNS damage, craniopharyngioma, LMBB, melanocortin-4 receptor mutation, and PWS (n ϭ 22 in total). All other diagnoses were considered to reflect uncomplicated obesity accompanied by aggravating syndromes (Table 1) .
The second phase of this study was an open 28-wk trial. Patients receiving 15 mg sibutramine or placebo daily during both periods of phase 1 were administered this same dose during the second phase; otherwise 10 mg was used.
All patients visited the clinic at times indicated in Fig. 1 . In connection with each visit, the patients and their parents were encouraged to make all possible changes in lifestyle that might alleviate the child's obesity. The parameters measured at the clinic included height (Ulmer stadiometer, Ulm, Germany), weight (Vetek TI-1200; Väddö , Sweden), and blood pressure (at the wrist while sitting; EW3000; Matsushita Co., Kyoto, Japan); moreover, specific questions concerning possible side effects were also posed.
In clinical practice, combined treatment with sibutramine and SSRI drugs is usually avoided due to the risk for serotonergic crisis (23) . In the present study, five patients taking SSRI drugs at relatively low doses were included. The reason they were included was that their quality of life was very poor and their weight gain was alarming. To allow early detection of serotonergic symptoms in these individuals, they or their parents were contacted by telephone once each week. The data are presented as medians and ranges. The group of patients with CNS damage consisted of individuals who had undergone surgery for craniopharyngeoma (n ϭ 4), astrocytoma (n ϭ 3), opticus glioma (n ϭ 1), or prolactinoma (n ϭ 1) as well as one patient with histiocytosis X. mMC4R, Mutation in the melanocortin receptor 4; MMC, myelomeningocele; MR, mental retardation.
Institute and the Swedish Medical Products Agency. Parents gave written consent to the study and were aware of its design in terms of randomization to active drug or placebo.
Statistical analysis
The data for all patients included in this investigation were included in the analysis. The last-observation-carried-forward approach was used for the data collected within each study period. All data are presented as means with sds, sems, or ranges where appropriate.
All statistical analyses were performed using the SAS 8.2 or STATISTICA 6.0 (Statsoft Inc., Tulsa, OK) software; all tests were two sided; and P Ͻ 0.05 was regarded as being statistically significant. The null hypothesis used for testing the primary variable of efficacy was that the mean change in the BMI SDS value for the patients receiving sibutramine did not differ from the corresponding value for patients administered the placebo. This hypothesis was evaluated using the ANOVA repeated-measures design, together with corresponding planned comparisons within and between treatment periods. The analysis included the baseline levels as a covariate as well as the treatment as an explanatory factor. The hypotheses concerning the secondary variables of efficacy were tested with the same approach. The Pharma Consulting Group (Uppsala, Sweden) carried out these statistical analyses.
Results
Of the 50 patients initially included, 49 received at least one dose of sibutramine or the placebo and were also evaluated with respect to possible side effects and safety. There were five withdrawals from the study during the first randomized phase: three subjects with hypothalamic obesity withdrew because of tumor recurrence and two subjects with nonhypothalamic obesity failed to comply satisfactorily. Thus, 45 patients (90%) completed the randomized, double-blind phase, of whom 24 received the placebo initially and thereafter sibutramine and 21 sibutramine initially. These two groups were closely similar with respect to background characteristics (data not shown).
The results of the randomized phase of the study with respect to change in weight are depicted in Fig. 2 . Treatment of both the first and second groups with sibutramine caused a significant decrease in BMI SDS, compared with the placebo (P Ͻ 0.001). This decrease in BMI SDS was approximately the same, regardless of whether treatment with sibutramine came first or second, i.e. 0.7 U (Fig. 2) .
In contrast, administration of placebo during the two study periods was associated with significantly different effects. The subjects receiving the placebo during the first period demonstrated no significant change in weight, whereas during placebo treatment preceded by administration of sibutramine, a rebound in BMI SDS was observed (Fig. 2) . This difference was found to be statistically significant (P ϭ 0.002) when the interaction between placebo treatment and time was analyzed.
Comparison of treatment during wk 0 -8 with treatment during wk 8 -20 within a given treatment period revealed no significantly enhanced response (P ϭ 0.51) when the dose of sibutramine was increased (see Subjects and Methods). Furthermore, the response to sibutramine was linear with time.
To examine whether children exhibiting hypothalamic obesity were resistant to the weight-lowering effect of sibutramine, these subjects (n ϭ 19) were compared with the children with nonhypothalamic obesity (n ϭ 26). As seen in Fig. 3 , both the subgroups with hypothalamic (P ϭ 0.005) and nonhypothalamic obesity (P ϭ 0.001) demonstrated significant reductions in weight while receiving sibutramine in comparison with the placebo. However, the effect of sibutramine on the subjects with nonhypothalamic obesity was more pronounced, indicating that hypothalamic obesity is associated with partial resistance to this drug. The number of subjects whose dosage of sibutramine was, according to the study design, increased to 15 mg daily was 17 in the group with hypothalamic obesity (94%) vs. 16 in the patients demonstrating nonhypothalamic obesity (66%).
The total body fat percentage, measured by dual-energy x-ray absorptiometry, was decreased by treatment with sibutramine in comparison with administration of the placebo (change during sibutramine treatment from 48.6 Ϯ 1.3 to 46.7 Ϯ 1.4% and during placebo from 47.9 Ϯ 1.3 to 47.8 Ϯ 0.01) Furthermore, during the placebo-controlled phase of this study, sibutramine treatment decreased plasma levels of triglycerides by the end of the treatment periods in both groups (P ϭ 0.04), from 1.3 Ϯ 0.1 to 1.1 Ϯ 0.2 mmol/liter. During placebo no significant change was observed (1.2 Ϯ 0.2 mmol/liter before and 1.3 Ϯ 0.1 mmol/liter after placebo treatment). Cholesterol, insulin, and glucose levels were not significantly changed during the study period. During the second, open-study phase of the investigation, there were another three withdrawals: two subjects with ADHD/mental retardation refused to take the drug and one patient with hypothalamic obesity was referred to a psychiatric clinic for severe mental illness. Thus, 42 patients (84%) completed the entire 68-wk-long study. During the openstudy phase, a continuous reduction in weight was observed (Fig. 4) , and the pattern of this reduction was similar for subjects who first received the placebo and those who were administered sibutramine first. However, the rebound effect observed during placebo treatment of the subjects who initially received sibutramine (Fig. 2) was not followed by any pronounced reduction in weight when these same individuals again received the drug.
The adverse events observed during the first phase of the present investigation are summarized in Table 2 . During the placebo-controlled phase of the study, there was no significant difference in the numbers of patients who demon- strated adverse effects among those receiving the placebo or sibutramine. The blood pressures and heart rates of the patients in both groups varied considerably, but no differences in the means were observed. During the second phase, adverse events were generally mild and of the same nature and frequency as during phase 1. Altogether, six serious adverse events were reported: two children exhibited signs of depression, both during placebo treatment; three suffered tumor recurrences; and one developed type 2 diabetes while receiving the placebo. Even with especially careful monitoring, we did not observe any enhanced frequency of adverse events among the children being treated concomitantly with SSRI drugs during the study period.
Discussion
In the present investigation, a clinically and statistically significant effect of sibutramine on BMI SDS of children previously treated unsuccessfully with behavioral therapy was observed. During the first, blinded 20 ϩ 20-wk portion of our study, sibutramine reduced the BMI SDS of these subjects by approximately 0.7 U. Administration of the placebo in combination with repeated advice regarding diet and physical activity had little effect, demonstrating once again the resistance of obese children with aggravating syndromes to behavioral treatment. During the open-trial phase, the BMI SDS continued to decrease so that the total reduction for the group that was initially administered the placebo and therefore treated with the drug for 48 consecutive wk was approximately 1 BMI SDS unit.
The group of subjects who received sibutramine during the first period demonstrated a pronounced rebound increase in weight when placed on the placebo. Readministration of the drug to these individuals did not cause weight reduction any more rapidly than for the group that received the placebo first, followed by continuous drug treatment. Thus, the final outcome was less beneficial for the former group. Apparently, for this type of patients, continuous treatment with sibutramine may be more beneficial than intermittent administration.
Five of our patients were being treated concomitantly with SSRI drugs, despite the fact that such treatment is generally considered to be a contraindication for the use of sibutramine (23) . The study nurse maintained weekly contact with the parents of these children in an attempt to detect possible adverse serotonergic events as early as possible. However, no such events were observed.
Patients suffering from hypothalamic obesity constitute a special medical problem. In most cases the specific mechanisms underlying their morbid obesity is unknown. In addition to the common view that disturbances of the centers in the hypothalamus that regulate appetite may lead to hyperphagia and obesity, it has been proposed that primary hyperinsulinemia in response to food intake may be of pathophysiological significance in this context (24) . This proposal gains support from the observation that treatment of patients suffering from hypothalamic obesity with octreotide can reduce the amount of weight they gain (25, 26) .
In the present study, sibutramine caused a significant and long-lasting reduction in the weight of subjects with hypothalamic obesity. However, this effect was less pronounced in such children than in those with uncomplicated obesity together with aggravating syndromes, which indicates that the underlying cause of hypothalamic obesity may be associated with partial resistance to sibutramine (25) . It is unclear whether this resistance can be overcome by increasing the dose of sibutramine. The higher of the two daily doses (10 and 15 mg) administered here, in accordance with the protocol, to 18 of the 19 patients with hypothalamic obesity after 8 wk on the lower dose gave rise to only minor adverse events. On the other hand, this increase in dose did not appear to improve weight reduction in these individuals.
In conclusion, administration of sibutramine to children exhibiting obesity together with syndromes that aggravate this condition and also make behavioral treatment difficult resulted in a significant reduction in their BMI SDS. Even in children with hypothalamic obesity, a statistically and clinically significant reduction in the degree of obesity was observed, despite partial resistance to sibutramine treatment. However, because no long-term sibutramine studies are available in children and particularly in children with hypothalamic disorders, caution is warranted. 
